Background Emergency department (ED) visits after elective surgical procedures are a potential target for interventions to reduce healthcare costs. More than 1 million total joint arthroplasties (TJAs) are performed each year with postsurgical ED utilization estimated in the range of 10%. Questions/purposes We asked whether (1) outpatient orthopaedic care was associated with reduced ED utilization and (2) whether there were identifiable factors associated with ED utilization within the first 30 and 90 days after TJA. Methods An analysis of adult TRICARE beneficiaries who underwent TJA (2006TJA ( -2014 was performed. TRI-CARE is the insurance program of the Department of Defense, covering > 9 million beneficiaries. ED use within 90 days of surgery was the primary outcome and postoperative outpatient orthopaedic care the primary explanatory variable. Patient demographics (age, sex, race, beneficiary category), clinical characteristics (length of hospital stay, prior comorbidities, complications), and environment of care were used as covariates. Logistic regression adjusted for all covariates was performed to determine factors associated with ED use. Results We found that orthopaedic outpatient care (odds ratio [OR], 0.73; 95% confidence interval [CI], 0.68-0.77) was associated with lower odds of ED use within 90 days. We also found that index hospital length of stay (OR, 1.07; 95% CI, 1.04-1.10), medical comorbidities (OR, 1.16; 95%
Introduction
In surgical care, emergency department (ED) visits represent either a postsurgical adverse event or a discontinuity in appropriate postoperative management; they may add substantial cost to the patient and healthcare system [10, 17] . Moreover, with the advent of risk-based reimbursement programs and penalties for hospital readmission, the financial responsibility associated with ED visits after surgery has largely shifted to the healthcare organizations and surgeons providing care [5, 19] .
THA and TKA account for a substantial amount of healthcare expenditures with more than 1 million procedures performed annually at a cost of nearly USD 19 billion [2] . Moreover, although these procedures are frequently performed in Medicare patients, the fastest growing population receiving joint arthroplasty is now younger than age 65 years. Joint replacements have been prime targets for both bundled payment initiatives and readmission penalties in recent years [5, 9-12, 17, 18] . The proportion of patients readmitted after THA and TKA has been reported to be 5% to 10% and the risk factors associated with these events have been characterized [1, 11, 12, 17, 18] . However, the association of orthopaedic outpatient care with ED utilization within the 90-day period after joint arthroplasty has not been extensively studied. We believe that outpatient orthopaedic visits can be viewed as a surrogate for continuity of care after hospital discharge and may be associated with a reduction in the need for patients to access ED services.
In this context, we used insurance claims data to answer two questions. We asked whether (1) outpatient orthopaedic care was associated with reduced ED utilization and (2) whether there were identifiable factors associated with ED utilization within the first 30 and 90 days after TJA.
Patients and Methods
For this analysis, we used TRICARE insurance claims data (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , which are maintained by the Military Health System Data Repository. TRICARE is the healthcare program of the Department of Defense that is responsible for providing healthcare coverage to active-duty and retired uniformed services personnel and their families. Currently, the program provides coverage to nearly 9.5 million individuals through military and civilian hospitals across the United States [3, 4, 14, 20] . This system is independent of Veterans Administration hospitals and military healthcare facilities in combat theaters. Prior studies have used TRICARE data to study healthcare outcomes in trauma, surgical, and medical conditions and the demographic profile of this population broadly resembles that of the US population younger than age 65 years [3, 4, [14] [15] [16] . Before commencement, this study received an exempt determination from the Partners Human Research Committee. All data were deidentified.
Claims were queried for adult patients (18-64 years) with a primary procedure code for primary THA and TKA (International Classification of Diseases, 9
th Revision [ICD-9] 81.51 and 81.54) between 2006 and 2014. We excluded patients older than 65 years of age and those who were Medicare-eligible. This approach allowed complete case ascertainment because any services billed to Medicare and not TRICARE would not be captured in our data set.
Patients included in the analysis had their claims abstracted for demographics (age, race, sex, sponsor rank, and beneficiary category), clinical characteristics (Charlson comorbidity index [CCI] [6] , length of stay [LOS] , index surgical procedure, and complications), and healthcare use (orthopaedic outpatient care visits and ED visits) within 90 days of the date of surgery. TRICARE documents outpatient care services through provider/specialtyspecific taxonomy codes for care delivered in both military and civilian settings. Taxonomy codes specific to orthopaedic surgery outpatient care (see Appendix, Supplemental Digital Content 1) were used to survey for use of these services within 90 days of the surgical intervention.
Race was categorized as white, black, Asian, and other based on patient self-report. When race information was missing, we used reweighted estimating equations, an effective method to reduce bias introduced by missing race information [8] . In this approach, we calculated the probability of reported race using a logistic regression model, and we applied the inverse of this predicted probability as a survey weight in the adjusted analyses.
We divided the CCI into three categories (0, 1, > 1). Complications within 30 and 90 days after discharge were identified using a previously published ICD-9-based algorithm [3, 14] , which captured infectious, wound-related, cardiovascular, neurologic, urologic, and respiratory complications.
The primary independent variables were 30-and 90-day orthopaedic outpatient visits, whether scheduled or unscheduled. ED visits within the first 30 and 90 days after discharge were established as the primary dependent variable. Secondary independent variables consisted of age, race, sex, CCI, LOS, and the development of postsurgical complications.
We calculated the incidence of ED visits, complications, and outpatient orthopaedic visits at the 30-and 90-day intervals. The top five diagnoses, by ICD-9 code, associated with ED and orthopaedic outpatient visits were also evaluated.
We used multivariable logistic regression models, adjusted for demographic and clinical characteristics, to identify factors associated with ED use at 30-and 90-day intervals. The interaction between race and sponsor rank was controlled for in all statistical testing. Sensitivity analyses based on the same parameters but excluding active-duty personnel and a complete case assessment limited to individuals with a reported race were also performed to confirm the applicability of these findings to the general population.
All statistical analyses were conducted using Stata, Version 14.1 (StataCorp, College Station, TX, USA), and statistical significance was set at odds ratios (ORs) with 95% confidence intervals (CIs) exclusive of 1 Table 2 ). The overall complication rate was 6% (2710 of 44,557) and 9% (3928 of 44,557) at 30 and 90 days, respectively.
We found that 24% (10,661 of 44,557) of patients visited the ED within 30 days of discharge and 35% (15,414 of 44,557) were seen in the ED within 90 days (Fig. 1) . The most common ICD-9 diagnosis associated with ED use 
Results

Association Between Outpatient Orthopaedic Care and 30-and 90-day ED Use
After controlling for potential confounding variables such as age, medical comorbidities, and the environment of care, we found that outpatient orthopaedic care was associated with reduced ED utilization over both the 30-and 90-day postoperative periods (Table 4 ). In the 30-day period, accessing outpatient orthopaedic care resulted in a 31% reduction in the odds of ED utilization (OR, 0.69; 95% CI, ICD-9 = International Classification of Diseases, 9th Revision; ED = emergency department. Fig. 1 The proportion of patients using ED services within 90 days of postsurgical discharge after THA or TKA is shown. 
Discussion
In the current healthcare environment, stakeholders and payers have made a concerted effort to contain healthcare spending and improve efficiency [5, 9, 10, 19] . Outside of treatment for postoperative complications, or as a means of facilitating readmission, utilization of the ED after surgery is expensive and frequently an inefficient use of healthcare resources [1, 10, 17] . As a proxy for continuity of care after surgery, we believe that access of outpatient orthopaedic services can effectively mitigate the need for patients to seek treatment in the ED. Although prior research has focused on characterizing clinical and sociodemographic characteristics associated with ED use after TJA [1, 7, 17, 18] , the ability of orthopaedic outpatient care to reduce such behavior has not been extensively studied. In this study, we found that orthopaedic outpatient care decreased the likelihood of ED utilization at both 30 and 90 days after surgery. Furthermore, we also determined that a number of clinical characteristics, including index hospital LOS, medical comorbidities, and the development of complications, increased the potential for patients to return to the ED.
We recognize that this study contains several limitations. Foremost, this analysis was performed using TRICARE, which provides care to military service members, retirees, and their dependents. Approximately 21% (9328 of 44,557) of the population was also treated at a Department of Defense healthcare facility. The extent to which healthcare delivery differs within this population may impair the translational capacity of our results. For example, the index hospital LOS reported for our population was slightly longer than in other contemporary work, the percentage of patients utilizing the ED was higher, and some of the diagnoses associated with ED use were different than those reported elsewhere [1, 7, 11, 12, 17, 18] . As a claims-based study, we may more reliably identify ED visits than investigations that rely on statewide or hospital registries. Although we did adjust for LOS in our analyses, we cannot characterize the extent to which underlying differences in ED utilization practices could influence the generalizability of these findings. We also recognize that our determinations derive from a retrospective review of claims data. The original purpose of these data was for adjudication of healthcare claims and remuneration rather than research. The capacity to establish firm clinical recommendations and determine causality is thus limited. Moreover, our reliance on claims restricts the ability to obtain nuanced information, including discharge plans, ease of patient access to outpatient care services as well as severity and duration of symptoms that prompted a return to the ED. ED diagnoses alone are insufficient to understand the clinical picture that culminated in a decision to access the ED. Although useful to suggest opportunities for further study, additional research using more clinically granular data would be necessary to generate appropriate interventions capable of reducing ED utilization.
Furthermore, we cannot detail why only 67% of our study population had received documented outpatient orthopaedic care at 90 days after surgery. We relied on TRICARE-provided taxonomy codes to identify receipt of outpatient orthopaedic services. Some patients may have been directed to or chose to followup with primary care providers. Others may have received outpatient orthopaedic care that was not reported to the insurer. The use of orthopaedic services not reported to TRICARE would be missed, and thus the use of outpatient services could be underestimated to some extent. The extent of this phenomenon cannot be quantified nor can its potential impact on our study findings. Another limitation of this study could include the military affiliation of some patients, which might also influence the generalizability of study results. We seek to emphasize that TRICARE data have been widely used for surgical and nonsurgical research in the past with the population demographics of beneficiaries found to approximate those of the US general population younger than 65 years [3, 4, [13] [14] [15] . To further address this concern, we performed a sensitivity analysis that excluded any active-duty personnel. Importantly, the results of the sensitivity tests did not differ from the overall analysis. Given the age limitations associated with this study, which were necessary to ensure accurate documentation of surgical and outpatient services, we realize that the findings may not be completely translatable to the Medicare population.
Several studies have previously considered readmission after joint replacement, but relatively few have focused on ED utilization in the absence of readmissions. Using statewide registries, Trimba et al. [18] found that joint pain or limb swelling was the most common cause for accessing the ED after a joint replacement. Similar findings were reported in the work of Finnegan et al. [7] and the single-center study of Sibia et al. [17] . Interestingly, in the work of Sibia and colleagues, medication-related issues were the second most frequent cause of an unplanned ED visit [17] . Although Finnegan et al. theorized that improvements in postoperative care could mitigate the need for ED utilization after joint replacement [7] , none of these studies evaluated the association between orthopaedic outpatient care and return visits to the ED. The top five diagnoses associated with an ED visit in our study represent inadequate pain control, the need for physical therapy, and the management of anticoagulants. In this context, the need for physical therapy suggests an inability to mobilize effectively or to be sufficiently functional in the postdischarge environment. The nature of our analysis prevented us from ascertaining the exact clinical circumstance surrounding ED use. However, based on the consideration of primary ED diagnosis codes, many of these encounters could have been managed in the outpatient setting with the appropriate care resources. When considering that at 90 days only 3928 patients sustained a complication, a substantial number of ED visits (11,486 of 15,414 [75%]) appears to be avoidable.
Prior work has investigated clinical and sociodemographic characteristics associated with ED utilization after TJA [1, 7, 11, 17, 18] . Perhaps not surprisingly, as encountered in this study, one of the main drivers of unplanned ED visits is the development of postoperative complications [1, 17, 18] . Outside of this, increased medical comorbidities and a patient's body mass index have also been associated with the likelihood of an unplanned return to the ED and readmission [7, 12, 17, 18] . Finnegan et al. reported that Medicare or Medicaid insurance were also associated with ED use after TJA [7] . The TRICARE population enjoys universal healthcare coverage irrespective of vocation, work status, or educational level [13] [14] [15] , which eliminates our ability to consider such factors in the present work. Although Adelani et al. [1] and Finnegan et al. [7] both reported black race to be associated with ED utilization after joint replacement, we did not encounter a significant association once we accounted for other sociodemographic characteristics in our cohort. This may reflect the fact that other sociodemographic factors, including insurance status, ability to navigate the healthcare system, and healthcare segregation, are often confounded by race.
In conclusion, this study found that accessing orthopaedic outpatient care effectively reduced the likelihood of ED utilization within the 90-day period after joint replacement. Our findings have immediate implications for clinical practice and are of clear interest to surgical providers, hospitals, patients, and third-party payers. They indicate that proper coordination and communication regarding postdischarge services may reduce ED use after discharge. The large sample size, the fact that patients are drawn from centers across the United States, and the diverse demographic, educational, vocational, and functional characteristics of the population insured through TRI-CARE [4, [13] [14] [15] [16] may allow the results presented here to be more readily translated to clinical practice, but further research is clearly required. The need for a more granular assessment of the scenarios leading to ED visits is suggested by our work and this could be addressed using a prospective, mixed-methods design. Additionally, a study into specific interventions that ensure access to postoperative outpatient care, improve discharge instruction comprehension, and access to postoperative care resources could actualize benefits that are presently only suggested in our study findings.
